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(57) imm 

h. z.<oiio\iz\^xwmm.mmi I i-vm^^ 
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<tr20> 
<iroo> 
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fzzbimLbt?>mm3sSM<^)mi¥mmm. 

i b imbi-hmm3mismm»mmm, 

imme i ±mm^ 1 1 1 -vmit-^w^mw. 

mx$>mbt:mmbtm^3iiMi(o^i^<r)m 

imsm] ±.mM-7x^iim^m^ib>^j:tzbi 
mibtm-m3tiM(o^^mii^<^^^if^. 

bthmm3tm(omw(r>i^MiTm. 

imm 1 1 1 iMsm-^xi^ii i v am>±m. v 

'^^i!)-(>^j:i>;ibimLb-t.i>mm3m,<7)^i^ 
im^m 2 ] jM^-^xm i v amco^m. v 

tmbmmmbmmmi)^(>*j:hzb^mibi-i> 
mm3mtco^mwmM-m, 

itm 1 1 I - VKfli^^'li^WKOS^Bi** {11-2 
0 > < 1 - 1 0 0 ) m^rSi: ^tcmSiit 



[fi*jai4i m^x^m^^x^w^zc^ 
uz^wm.<nm.■mizii\,^x. 

jfflv^i, z b mmb-ri^mnmLcowtijm. 
immi 5 1 iMi^^^x^f b Lx. m3miim 

^'-yi)>(>^j:^^^'?Xi^t:m^^hZbimLb^m 

^^mmm'hhzb^mLbt^mmiAmi^ 
imm 1 7 1 mmtm^ m- vm-^mm 

imm 1 8 ] m^-im^ 1 1 1 - vi^'ft^w* . 
fed b m^btm^ i6fmco^i¥mi<^m. 
imm 1 9 1 mmm^ 1 1 1 -vm^-^wm 

tmixhhzbmmbtmsmi e^<o^f^ 

[mm2 1 J ±Mm^^xi^i,immm}^h^j:hzb 
t:mb'thmmi6mL<o^^miiM<om^m.. 

bti>mmiessm<D^immwm)jm. 
imm24] ±m,^^xifiiiveim<r>^m.v 

amo^. V I: aiScO^tJit^N i ij^k^mX 0 
-^mA^h^j:hZbi:mLbi-i>mmi 6iBa<0#^ 
[if^)S2 5 J m^M-7X^\i I V am<7)^. V 

amr>±m. V I aSjco^mij J:t^N i a^h^smx o 
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imm2 6 ] im.^^x^'iim.mwtt^?^ 
mjk 1 1 1 -vmt^mmt^m^mtf' { 1 1 - 2 
0 ) mtt^ii { 1 - 1 0 d ) mt^j:hXdizm^^tix 

izLiiz b ^mbtimm 1 4ssm<vmimsL<^ 
mm, 

fiibmi>mti^i^*j:im±izmim.^^^it. dtc 

Lt:^mw.<ommizii\^X. 

wmit-ri^'<^-yi'j'^^j:< b i>-mz-km^^ 
x^m\>^iiibi:mtthmmm<mkm, 
.[^^3 0] iM^^-^xi^bLx.imsmmi 

■^-yi)^<^^j:m^'7x^m\'^i> i b i:mkb-fm 

imm 1 1 mmmimmih 1 1 1 -vmit 
.'&mmi¥xif)hzbimLbt^mm2 9mm- 

imms 2 ] iMi^m^ 1 1 1 -vm.^m 

uzz b ^mbttmm^ 1 mL<^miimm<m 
mm, 

imms 3 1 ismmm in- vik^i:^^ 
wi^mmit^mk^mizx *)m^^i> xoizt 

m . 

imms 41 ji^^i^j^ 1 1 1 - vM:^^ 

Wi^^:^yi^^'^-mizXm^^^&XdizLtz 

z b ^mb-ttwms 1 mcommmmmiT 
hm^Thtzbimb-rtmms im<^mi^ 

iry(mtf::imitT)l'^-^Mt>h^j:lZbimb-t 

hmm 3 1 sm<o^mims<r>m&iim^ 



b-timmsismco^mucmknm. 
-^Miii^iy^shtb irmkb-fimms 1 

[il^fl4 0 ] ±iEJK:Svxi?ii I vam<^>^. V 

amcO^m. V I a]KcO^*> il/N i *>^^l>gf i 0 

^^mbmmmbmmm*-i^^j:^:ib ^mb-tt 

WS^ 1 1 I -V^^iB»i|i^flc<^)S^ffi** < 1 1 -2 
0 } MSitti { 1 - 1 0 0 } Bifc^rS J: d izm^^tlX 

\^hzb{:mLbt^mm3 ismco^ii^cm 
mm, 

m^f^th xoiz itzi. b imLb-t.hmm2 9 
tmco^^mummm, 

mRi:'y'y'cy:!^tt:iix.y^ynzxmi-thXd 
(Ctfei b i:mLb'tm^2 9i2KO^ft^S«0 

wmm, 
[0 0 0 1 1 

mi. ^iz^ ^mm 1 1 -vmt-^mmm 
"Fcomizm txim^j:h<r>xhi>. 

[00021 

[mi<mm jfi¥. A 1 G a I n m}^(omm^ i 

^- \^^j:!^mmmm^mmmmznhiix\>^ 

b'<^im^mf^±^^^t:ibiz. mmiii(^)m;i}m 
ioixiimwu'--9'<r>mikim>f>t^tix\^i>i 

[0003] mSX'ii. A 1 Ga I nNm^#«ck— !f 

tfev^T, tyr^rms±^zmit^^)^AiGa■m ; 
i)-t^^j:hJ-^'yyrm^itLxmimm i i-vm:-^ 
mmmiw&^it^fs^m^ (Mocvb),«{c 

XO^^^^hZbizX*). giat:l3{tS3 0 0^w 

m$^im^^ilX\>^l (Jpn.J.Appl.Phys.35.L74(l 
996). Jpn.J.Appl.Phys.36.L1059(1997)) . VH^L^ifi 

m±^<m:i>zbf}^(>. ^yr^7ms.±izm^ 
^t:mm^ 1 1 1 -vrnt-^^mii 1 x 1 o» 
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(OZm^^^m ( S i O, ) m7um<0};:'y^'CJm 

i 0 Ga N^^iSi-rs tot'*?. 
(Jpn.J.Appl.Phys.36,L899(1997) ) . iK^-^lZXtl 

mmmm<^m^i>< i o? Ai/cm* gjsic* 

[00051 

[%BJ*»mti: 0 t-fSiSSl L*»t5r*«<^., ±m 

[00 061 Ltiifi-ox. zmmomii. mm. 
^^mmm:}f<r>^miS:fkim^^ ^xt s 

^mmi-^Zbizfii. 
[00 0 71 

li. mMbmB^9imii>zi:*)mmiz%^Lfzm 

it t. m:^miimTff)b ^ tcJiRO b ttmrf i fc 

<oxS)h. ^ix. mmam'^kmm, 
^thijmzmmmhttb^M.\^tiivt:. Mm 
Gan^j:b'<omm^ 1. 1 1 -vtSiit-^mmviii 
p^^hm^xii. '. mni-^ibi 1 1 - 2 0 ) mmt 

Jt« {1-10 0} wmiz^niz^-ttZb 5rl.v^ai 

^sfiKftvxi' iitLX^mmsmizm^-t.^ 



[ 0 0 o.8;i ztL^<^z tx*) . m^m-^maM 

■ 1 1 1 -vm-^rt)^*^^^®** { 1 1 - 2 0 > ffl 
tt:\i {1-10 0} mb^j:iXoiz^^'77.i'm^ 

t, z<DXotj:m'7:x,^ttXii. Mm^ii. 30 

[000 91 lJLhoc:i:«4. mm^j:&Mi^ 

[0 01 01 i«0%Hj(i, ^^mmiiZ^XUXtcoXo^j: 
[00111 -r5ri5*>. ±iBSW^^)S^l.fcJ6{c. C 
cnm-b W£hVmis^hts:hWSiX\zWm^^'i:h 

J: >>\iz\jtimm^^-)miz^\^x. bh 

X. m^3nimtfzmmwf<mmi^h^'^9 

mkbthi>(oxhh, 

[00121 i<056BB<oll2<o%BH{i. ^^^xi^ im 

\i^xmmz<o¥^Wbm^j:hmi^l^^j:hmi±.iz 

m^^^-^&x 0 liz Lfz^ii^m.<^m&mizi5\^ 
x. m^-rx^bix. imsmmiitiiiiemmiiT) 

x^fm\^i>zb^nmb'thh(oxh^. 

[0 0 13 1 tcommsmmi. ^^-^x^^m 

)S!Rfi!t^$-*S Ji p iz lt:^fi:mS<r>m-mizti\^ 

x.^^-^x^bvx.imsmmttiiiemm^ 
wmm-t^^'<^-y^'j^^j:<b t-asic-^tfjssv 
xi^m\,^izbmmb-t^mxhh, 

[ 0 0141 ::<7)fgBjfefcv^T. 

^'kUt, {iJ3r3lHim^^(46[5IitS«^^t«vttS::rt 

ya);^i}^h^j:?>i,(0(r>m\ 3mnm>iimmtti. 
f^9-yb bmm^m'^i'^-t^f^^-ybimtE. 

[ 0 0 15 1 C<0||HgfctJV>-C. 

«{Wt:J4. ;<fU'>A (Ga) , r;l^5::^'>ix (A 
1).. 'f>'y»>A(In)\ ^-^ig (B) i5j:tX:?y*> 
A (T 1 ) *><t,^SPJ: ')Stf<lfei!'^f< k t.-®i<0 
I I ymMb. '}^^j:<b{y^m (N) -Sr-^^. 
i.'oX^(^\iZ\Lm (As) (P) J^trVK 

7cSkA-^5:5. ^<Ogfl:iBJ^I I I-V]^^W» 
♦t^tOmM^^fSk. GaN, AIGaN. A I N; 
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Ga lnN. AlGa lnN. I nN^is'-CfcS. . 
[ Q 0 1 6 1 iCOlKflfciSV^T. SfliifeJK I I I -VK 

««oa!««^fctt. ^&«!^fl:^^fig^ (Mocv 
D) s^w^mti^^'^i'- (MBE) m^}iim\^x 

[00 171 i<05|BBfc:i3V^-C. ailRfefCti. SiKjR 

i^ts^i?!)^ 1 1 1 -vmt-^^mmmtR^^ 

S-frSJt^Wi. -9-7 r-f r . ^it-y^ s ( s i c ) . 

MiaSIB (ZnO) , y-f^ (S i ) . h-ft 

(GaAs) ^t^/o^StCO^^^lCfflV^^ 

. fjs, mjfust^ii^^^^ ( s i Oj ) . kit^^m ( s 

i N) , ilfl:T;W5-'>A (A 1 2 Oj ) i5rif*»4>^i. 

< b hz-o<;)mmm. i v a^o^a ( t i , z 

r. HfSrH) , VaflKO^JR i(V; Nb. ta» 
if) , V I a]K<0^ (C r . Mo. W^et') feJfct^N 

iS. Va]K(O^M. V I aLmo^maXX/fi iU^^^t 
[00 18] C:(0f|B8(ctJV>-C. 

1 1 1 -vm^t-^wmwx'hh^'^. 
ilim$w<rf»^ii( { 1 1-20 } mittit { i - 1 o . 

. [00 1 9] ^<7)^m(^m2i5xum3(r)wnizis\>'^x 

[0020] ±3*OJ: d izmm^iitzU <r>^iz)i\^X 

-vmt-&mmw<rf^mifi 111-20 > isAfett 
{ i- 1 60 > rniLWdi). mm\t: msLhffmi 



[00 2 11 

[0022] z<7)m(^m 1 <7)msBm^xhG 

aN3^«cW-1f<OS83i^raKOl>TgiBB'f§. 01 
ifJiSCH (Separate Confinoent Heterostructure) 

[00 2 3 ] i<o»l <'msmizii\^xii. ti*, 0 

IkiTPt-idt. CM-9-7r-f TS«l^fflStv -ec^ 
±tmtfMOcvDffit:J:0, 0!;t(f5 2OiCiOSS 
f 3 0 n mOG a N^^'y 7 r if 2 
•frS. i<^GaWN*«y7T®2tt^^S{::ifiV^JS,ai*» 

TfcS. C<^GaNA*.y7rJi2<?3^^lCi3Vm4. IS 

mxbvxM.mui. hy^f^;w;{ru'>A (,(CH 

3 )3 Ga ) ;y;^i:T>^-r (NH3 ) ;<fXfc^fflV> 
I,. COGaNK>/7rS2±fc. «?!l;UfMOC 

vnmzx 0 , PiiK 102 ox;<oiag-cm§**0iix.« 

2 At mOTifiG a N Ji 3 li-S . 

[0 0 24 ] »:fc. H2{cS^-rJ:otc. TffiGaN®3 

osio, is^7*hyy^'97-f-at5J:vx«yf-y 
^xi^4%mm-&jEB^B<o^'i^-y(r>sntcm-y. 

f •< Til« 1 <0 < 1 1 - 2 0 > *|6|*:fe»4 < 1 - 1 0 

oy ifi^lz^Wz^shioizi-^. tt:. .rco^iSvx 

tt. ^tlA><DSOVX>^4b<0(iJ4Witf3/imi: 

[00251 miar-th y {CH3 coc 

H3. ) kX^'y-zKCHa pH) i:tJ:Os JS:^VX 

^^4*^^JSUfccii^^7r'^7»«l<9ac^*^fv\ $ 

4>{i:. mutzmmc 1 ) iifcl4^6f?t;t7>ySI 

( HF ).izi ommsiti^. m-izx mmn 

[ 0 6 ?:.6 1 04tc^j: 5 iz. ^^-^x^A^ 
fflV^X. 0!liiifJSfl:1^3mffixU:5'df5^^;Pjj£:SffiOcJ: 
0 . 1 0.0 ox:«oiaKt'G a 5 ^StfrifiiCS 

iiOG aN® 5<6Sfi(Bfe^fciJV^TI4. 

wijar. l u-yWi'/^h^aa-eryt-.T (NH3 > 
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;{fXSr^U^:**'^ Cffl^7 r ^ i ^1 0 0 01C* 
^h. mib^fU-^A (GaC 1 ) /fXi:m^^, Gsi 

c 1 xrxott^^wi: mm.i}mm4 OMmM 

4 b±{C«l:*r|6]tCjgSM^t S G a NJfcO^SIi. fiSt 

rWS. 1 <0 < 1 1 - 2 0 ) :^(fi]tcW5r^tc<4G a N 
l-2 0}iBfc*0. ^vx^4<DiE=iW^ 
g3Da54 a<Oja*<C 7 r ^ TKK 1 CO < 1 - 1 0 
0 > ^ri^{C¥fif=3r^fcliG aN<0 { l - l 0 0 ) ffii 
5:1.. ifl4><^#'CMt{fllSfSGaNS:glSM:^§ 

m<7)^^<7)M^mmmG a Nji 5 . m 

: 5fcC|ff9-7r'fraiSliJit^GaNp5<7)i^a*ffi 
[0027] Z<r>XdiZtxmm^^tlt^GaNm5 

[00 281 06tc5?i-j:3te. CWf^r-fT 
-ri.c:i:fciOI^L. m^ASii^tGaNSSiO^ 
(00291 d:liz^ H7fcM-f id t:. c<oi d izhx 

mtlt:Wm)G a 5 G a NSfl? fc ttfflV . 

^mS. nmGat^m^l.mtHGaii.^ In 
^ N/Gai., I n, N^M^^#F1gJiO^S14«8, 
pSA 1 GaNdt-V>y7-S9. pSGaN3^J^l 
0, paAlGaN:?7>yHH IJsil^.pfflGaNn 

fcl.nSA 1 GaN^'^-y H®6, nSGaNJt^gS;® 
7. pSAlGaNdf^>yrji9. pMGaN3\^Syi 
10, pSAlGaN^^ yHSl li3j:l/pMGaN 

a y^' ^' b« 1 2 <ojs^ffl«ji0!ii{jr i o o ox^mt 

I n?:-irtf®Tfcl.Gai., In, N/Ga,., I 
7 0 0-^8.0 0'Ctf ^7t. iit^>iOGaNm4i® 

*®ofiK^i^4, mm. Gais^i: tfiib y^f- 

;W;i{rU "^A ( ( C Hs ) 3 G a )\ A 1 TOfc LT^ h 
>J^^yl'TyP5^'>A ( (G.H3 ) 3 A 1 ) . I n^ 
tLX\iV^)yi^)\^^>'J^M> ( (GH3 ) 3 I n) . 
NJ^t LTJiry^-T (NH3 ) $:fflv^^. tfz. 

^^^iTi^xb \.xM. mux. *^ (Hj ) tas 

(Na ) t<oa^;yx?:fflV^|,. nSH 
-nyht fClifl^ilf^/i^^y (S i H« ) . pS 



V^^^^S^':?^ ( (MCp) a Mg) ^ys, i 

H^O»i^Jl$<MW^^ff 4 ^ nSA 1 G a 7 
vHSeiiO. 5j(im, nSGaN3K#ayt7(i0. 1 
jum, pSA I GaN^ir '/7*S9{42 0 nm, pMG 
aN3l^«10»40. I;tzm. pSAlGaN^^-y 
Hill IttO. 5nm. pmG^W^V^^Vm\2\t 
0. ^txmb^h. Zcom. pSAl GaN^-v>xrl 
9, pSGaN31^E«eiO. paAlGaN^?^•y^' 
Jl 1 1 tJ it/f pSG a N3 y:?^ hJB 1 2 K-rS*t . 

(rmmioi^mniioo'cnMbt^, 

[00301 »:{c, 08{;:S^-tid{c> pa:GaN3y 
:?^bJil 2±(cmkiig<^Xb^>f7l^<0^$;;^W? 

y^^x^bLx. miiimm^^y:i^y^yi/ (r 

IE)^fcJ:»)paAlGaN^'9-yHll l<Off§^r 

[00311 U -y j/'SI5<0pSGa N 3 y 

1 2 J:KW;t N i / P t /A u R*»/5>5r S pffim 1 

3i&^^Sfcttfc. GaN«3, -t^Sr^p-^GaNS 

Wi:0smizmtiiT i /a i /p t/Aum^^^hn 

[ 0 0 3 2.1 itoa, J:a$<OJ: •5.{cUT^-'91«i3W^ 
j£§a^GaNg5. ■r^*.*>GaNS«[S-^^{=J:0 

Sr^iatcijco^-yr^k-ti.. jjihtio, swfc-res 
c H^jiioG a Nmmwu-^t/im^^tii. 
[00331 i^xtfoxoiz. z<om(om&mmiziit 
fcf, smfimom&i^^JEEAm^^^-yc^n 

U4atli'7Xi^mhi:itLXmmtlt:'7X^J-<ir~ 
y^^&^^-^Xi' 4 SrfflV^T G a NS 5 SrSSMS 

Tmiibmm^mizxmtiimi^ti. so 

GaN«5m^$-*Xfc, ^(o^m>K*)<r>m.^M 

fSHzm±ti>Zbm^. SiBr«<^|i|Sfi<0GaNJg5 

iOJ:-5fcGaN«5<7)mSJi5>K 

*)<m^im±t^::bifiX'^hzbizx'o . Gam 
50^iM*) tnttfzibizcmfy r -i rmi Hvv 

5: < . G a NSfilS-^v 15 -C^jti-S i: *n* ^ 
^UT. C:<0i:3fc:Ut:^^iiSGaNSSLhtU 
-■IfflBtS-Jgjfi^S G aLNmmWmt:mM:^it. $ ^> 
tU-yxSf5^J^«L., pflSSSl 3feJ:XXpei!l«fiil 4 
Srmt-SifctiO, GaAs^iNl^cU-iffcliai 

fc. 5§^ffltcpfi!im«i*^is§tt, mmmizngm 
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i 0 0 3 4 } i^tC. ;<0%BB<0II2(7)||M}^«{CJ: S G 
1 0 0 3 5] ;om2<^)|liB»llfc:i3V^-C»4. T«Ga 

c<o^^^x:?4ii. ^mmymmimh-m-^h 

AVX ^' 4 OIEAilJe<^iBPSi54 a<^t4Cffl-if 7 r 
TS«? 1 < 1 1 - 2 0 > :fir|6lll feJi < 1 - 1 0 0 > :S- 
t6|CTfffc^:-&<}:dfc-tl.. i<0^K^-7>?.i7 4<7) 

■^(m<oz t I (^ms&mb mWiVf>&<r>x. mm 
[0 0 3 6] z(r)m2<Dmmmizx^xt. mi(r>m 

[00 3 71 z^m<^m3<7mismizxtG 

alimm^)y-'r<rmk1Jm^z-:>\^xmm■l. 

[00 3 8] Z<7)m3comtimBliZii\,'^X\i. Slot 
, m-^o iz^ C®^^7T'^r«fel-h^^iS«, Jft^Sv:^ 
^4^mm-^. Z<7)^9:'7:^^4bLX\i. mstfi, 

LT. C:<0^^"7X^'4i^:ffl^^•C, CS-9-7 T-^rSK 
li.t;GaNii5^iSIM«$-«i-S. ^(m<r>zbim 

1 co^ttjg®^ N^Tj) Scot, m^'-mt^ . :.. 
[0 0 3 9] z(om3(^mm^Bizi:,'yxii.f^x<m 
mmbmwj:m^m&zbii(i^ii>ii**JfSi.ik'?:^ 

ms^mm^^'^x^^hzbizx*) ^ GaNmwLco 
wkizm^s^mtimx-^^. t^A^o-cGaNm^ 

[0 04 0] tLh. i<7)^BH<7)IUSJg®ti-?V^TmfW<I 
[004 1] lgl~m3£7)^JgffiKtJV^-C^ 

tffciae. 7^-fex^rff«j><*-c 
[0042] ;ai*:Wfcj4. 1^ 1 -m3<ommmizt5\,^ 



imiZ!BtX. HVPEScOftbOi:. MOCVD 

2^TJftG a Nl 3-^^— r^g3i^}^^l> G a 
^f*cJiO^;ltl4. MOCVDffiiOftbOt:, MBE^ 

[ 0 d 4 3 1 s <5>fc. mi '-m3(r)^mf&\>zii\yc 

J4. zm.m^Ga.Nmmwu-'-fcomkizmif:: 
>(t'-Y<omkizmmixi>x<. $f>m. Gaw^ 

F E T^rifOG a NS^m^F^lT^^'c^^BitCJtffl UT fc 
[0044] 

\i. fm^:^i^bLx. m3Mmitmiemm<o 

:^i'm\<^hzbi,zx*). m-m.'^^mmmai'm: 
imsLkizsm^h 1 1 1 -v«ifl:^!BjiNr«c^rfr<^ 

m±f i>Zbi)^X^t. -eLT. CKOiott-CSilM 

zbmt. ^^iz\tz(7^iiimiim\>'^x^m<7^ 
mmm^mtthzbifix^h, 

[HI] zmmmi<^mmmizxtG!^vi^^ 

[02] c:<o^Ba<o^lollSg?eiitcJ:I.GaNm^ 
[03] c:<o5l#^)mi<ol^®kJ:SGaNj^ 

[04 ] Zmm(Om l ^OSIJgJglifciSG aN^^ 
[05 yz<Dmm l ^0||^fiJeJB^^^iV^•CCffi^^7 r 

[061 i<^BJc^^lC0lMSItJ:^GaNm^ 

[07 1 c:<^)lS|BBioll 1 coHtfij^Sitc i S G a 

[08] C:c7)%H3<7)l|l<^||S©g®tJ;SGaNmi^ 
«:V-rf<Oi!B§:^S-iKB8^l.^«><OSIlBS0-C*5. 

[09] z(Dmcom2(ommMizxi>GaiN^^ 

fti^— f<^«Bi:^fc:fev>TGaNJB<oaiRjic^fcfflv> 

[010] C:<D^BH<0ll3<0||tfeJg»Bfc:i:SGaN^ 

1 • • • CiW7r'f Ta«. 3 • • -TifiGaNJi. 
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